Short-Term Readmission Rate and Costs After PCI
a cohort of patients who had inpatient PCI. In addition, we examined the factors associated with the risk of 30-day readmissions and higher costs after accounting for all insurance types, geographical variations, and individual-and hospitallevel factors.
Methods

Data Source
We examined the Healthcare Cost and Utilization Project (HCUP) National Readmission Database (NRD), which includes an estimated 36 million discharges in 2013 for all payer sources and the uninsured from >2000 hospitals across 21 states. All admissions pertaining to an individual are linked by a validated unique ID which can be used to track readmissions across different hospitals and state lines. Overall, NRD represents ≈50% of total hospitalizations in the United States and is therefore the largest national database to examine readmission patterns. These data include information on demographics, clinical characteristics of primary and secondary diagnosis/procedure codes, length of stay, discharge disposition, death, admission charge with validated costs to charge ratio, and hospital-level variables. In addition, data include sampling strata and admission weights, which allow computation of national estimates of rate and costs. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes associated with primary and secondary diagnoses and procedures were used to ascertain clinical variables. This study was deemed exempt by University of Louisville Hospital Institutional Review Board as the NRD is a publicly available database that contains deidentified patient information. The data, analytic methods, and study materials are available to other researchers through the HCUP website, https://www. hcup-us.ahrq.gov, and may be used for reproducing the results.
Study Cohort
The study cohort included inpatient cases who were discharged alive after index PCI. We included patients ≥18 years from January through December 2013. The NRD only includes hospitalized PCI cases, and thus, elective outpatient PCI cases were not included in our study cohort. Consistent with the published literature, the following ICD-9-CM codes were used to identify PCI cases: 00.66, 75.55, 36.01, 36.02, 36.05, and 36.06. We included the first admission as the index case for patients who had >1 PCI within 30-day period, and a subsequent admission was counted as a readmission. We excluded those who died during the index hospitalization and were discharged after November 30 and those who had missing data on length of hospital stay. The time period from January through November allowed complete 30-day follow-up on all participants up to December 2013.
Variable Ascertainment
ICD-9-CM codes were used to define clinical variables: AMI at index admission and other pertinent comorbid conditions including ischemic heart disease, heart failure, peripheral artery disease, chronic pulmonary disease, diabetes mellitus, and renal failure. All primary and ≤14 secondary diagnoses associated with the admission were used to define comorbid conditions. We also calculated an index for severity of comorbid conditions using the Deyo modification of Charlson Comorbidity Index. This index contains 17 comorbid conditions with differential weights, and the score ranges from 0 to 33 with greater score corresponding to greater burden of comorbid disease. Details of codes used for defining each condition and Charlson Comorbidity Index are presented in Tables I and II in the Data Supplement. Other covariates included demographics, median household income by zip code of residence, payor source/insurance, pertinent hospital factors such as size, location, teaching status, and variables pertaining to hospitalization, such as length of stay, and elective status. Of note, a hospital was regarded as a teaching facility if it is affiliated with an American Medical Association-approved residency program or is a member of the Council of teaching hospitals, or had a full-time equivalent resident to patient ratio of ≥0. 25 . Table 1 provides details of all covariates included in the study.
Outcome Variables
The primary outcome variables included 30-day readmission and readmission costs. Thirty-day readmission was defined as any inpatient admission (all cause) within 30 days of discharge from index PCI regardless of whether elective or nonelective PCI was performed. Transfers to other hospitals or rehabilitation facilities after index PCI were not considered as readmission. Only the first readmission within the 30 days was included in the analysis. Time to readmission within 30 days was calculated as per HCUP recommendations, that is, from discharge date after index PCI to readmission date. 16 The data include total charge by the hospital for each admission. To calculate the estimated costs of hospitalization, data were merged with costs:charge ratio available for each hospital from HCUP. The total costs for hospitalization were calculated by multiplying total charges with the appropriate costs:charge ratio. This methodology has been previously validated and has been used extensively in the literature. 16, 17 Reasons for readmission were ascertained using primary diagnosis categories and the corresponding HCUP Clinical Classification Software. Details of ICD-9 codes associated with primary diagnosis and the corresponding Clinical Classification Software are presented in Table  II in the Data Supplement. Secondary outcomes included inpatient mortality during the 30-day readmission. Of note, we did not have information on patients who had out-of-hospital mortality.
Statistical Analyses
HCUP NRD was sampled to represent a large universe and provides discharge sample weights, which are calculated as the ratio of total discharges to the discharges in the sample for each stratum. The sample weights could be used for computing national estimates using validated methodology. 16 We calculated national estimates of 30-day readmission rates and the associated costs after accounting for sampling strata and within hospital clustering-SAS procedure, SURVEYMEANS, was used for the analyses. A preliminary descriptive analysis was done to study data distribution and to examine the
WHAT IS KNOWN
• The rate of 30-day readmissions after percutaneous coronary intervention ranges from 8% to 19% in select populations in the United States.
• Older age, female sex, and higher comorbidity burden are associated with increased risk of shortterm readmissions after percutaneous coronary intervention.
WHAT THE STUDY ADDS
• In a national sample of hospitals, the mean rate of 30-day readmissions after inpatient percutaneous coronary intervention was 12%, and the majority of readmissions were for chest pain/angina, which did not require further interventions.
• Age, sex, and comorbidity index-adjusted risk of 30-day readmission were higher for Medicare compared with private insurance, larger metropolitan compared with smaller rural hospitals, and nonteaching compared with teaching hospitals.
• After adjusting for demographic, clinical, and hospital characteristics, the patients with 30-day readmission incurred 3% higher costs for index hospitalization and 45% higher cumulative 30-day costs. Model also adjusted for interaction term between age and payor type. aOR indicates adjusted odds ratio; CI, confidence interval; MI, myocardial infarction; n/a, not applicable to the hierarchical logistic regression analysis model; and ns, not significant (not included in the final regression model).
*Represents final parsimonious hierarchical logistic regression model. †Charlson Comorbidity Index is a composite score created from 17 comorbidities; higher scores have been correlated with greater morbidity and mortality. Short-Term Readmission Rate and Costs After PCI univariate association of the covariates with the outcome variables using χ 2 test for categorical variables and Mann-Whitney test for continuous variables. Hierarchical or multilevel models, which take into account the effect of nesting (ie, patient-level effects nested within hospital-level effects in our study), were used for multivariable analyses. In these models, unique hospital identification number is incorporated as random effect creating a 2-level model. This methodology has been recommended by HCUP and has been widely used in previous studies. 10, 16 Multivariable mixed effects logistic regression models were used to examine risk of 30-day readmission, whereas linear regression models were used for costs. For multivariable analyses, costs were log transformed to achieve a normal distribution. All multivariable models included the pertinent covariates as listed in Tables 1 and 2 . Each multivariable model included interaction terms between age and sex and age and payor source. Statistically significant interactions were retained in the model along with their parent variables regardless of whether the parent variables were statistically significant or not. We created final parsimonious models by backward elimination, that is, sequential removal of variables with P value >0.05 and ensuring that removal of variables did not result in >10% change in the measure of association for the primary predictor variable (eg, readmission status was considered to be a primary covariate in the cost model). All statistical analyses were conducted in Statistical Analysis Software Inc, version 9.4 using 2-sided tests and a significance level of 0.05.
Results
Population Characteristics and Descriptive Results
The NRD included 229 429 PCI cases performed from January through December 2013 among hospitalized patients 18 years of age and older (weighted estimate=518 050). We excluded those who died during the index hospitalization (2.3%) and were discharged after November 30 (7.7%) or had missing data on length of stay (<1%). The final study sample included 206 869 (weighted estimate=467 488) patients who were discharged alive after index PCI from January through November 2013. The length of stay after index PCI was 0 day for 1% (same day discharge); 1 day for 23%; 2 days for 27%; 3 days for 18%; and ≥4 days for the rest 31% ( Table 1) .
The mean age of patients in the study sample was 65 years (SD, 12.4 years); and 32% were female. A majority of patients were served by Medicare (54%) followed by private insurance (32%), Medicaid (7%), and other/uninsured (7%). After index PCI, 12% (n=24 889; and weighted estimate=56 154) had 30-day readmission. Among those with 30-day readmissions, 3681 (15%) had coronary revascularization during readmission (3137 [13%] had PCI and 544 [2%] had coronary artery bypass surgery), and 841 (3%) died during the rehospitalization. The median time for readmission was 10 days (interquartile range, 4-19 days). The rate of 30-day readmission varied from 6% to 17% by hospital deciles of readmission (P<0.001; Figure 1 ). Figure 2 presents relative frequency of primary diagnoses associated with 30-day readmissions. Among those with readmissions, the most common primary diagnoses codes included angina or nonspecific chest pain (24%), heart failure (11%), AMI (7%), procedural complications (7%), septicemia or pneumonia (6%), cardiac arrhythmia (5%), and hemorrhagic anemia or gastrointestinal bleeding (4%).
The mean hospital charge and payment/reimbursements Table 1 presents the results of multivariable hierarchical logistic regression analysis for the predictors of 30-day readmission. The results showed that female sex, higher Charlson Comorbidity Index, and chronic comorbid conditions including heart failure, peripheral artery disease, chronic pulmonary Figure 1 . Hospital deciles of 30-day readmission after percutaneous coronary interventions. Short-Term Readmission Rate and Costs After PCI disease, and chronic renal failure were associated with higher risk of 30-day readmission (all P values <0.01). In addition, longer index hospital stay and hospital-level factors, including payor source as Medicare/Medicaid compared with private insurance, hospital location in large metropolitan areas compared with smaller suburban/rural areas, hospitals with larger bed capacity, nonteaching hospital status compared with teaching hospital status, and nonelective admissions compared with elective admissions, were associated with higher risk of 30-day readmission (all P values <0.01). In the final parsimonious model, AMI at index admission, history of ischemic heart disease, percentile median household income by zip code of residence, and weekend versus weekday admission were not found to be significant predictors of 30-day readmission. Table 2 presents univariate and multivariable hierarchical regression analyses to assess the association of readmission on log 10 -transformed cumulative costs over 30 days postindex PCI. The results showed that 30-day readmission increases the cumulative cost by 45% (β coefficient, 0.45; 95% confidence interval, 0.45-0.46; P value <0.001). Among other covariates, older age, female sex, AMI, higher Charlson Comorbidity Index, and chronic medical conditions including heart failure, peripheral artery disease, and chronic pulmonary disease were associated with higher cumulative costs (all P values <0.01). In addition, longer length of index hospital stays, higher percentile median household income, payor source as private insurance compared with Medicare/Medicaid, and nonelective admission were associated with higher cumulative costs (all P values <0.01). In our cohort, diabetes mellitus, chronic renal failure, hospital size and location, and teaching hospital status were not found to be significant predictors of cumulative costs.
Predictors of 30-Day Readmission and Costs
We performed a sensitivity analysis to assess the differences in costs for index PCI hospitalization among patients who had 30-day readmission versus no readmission. Multivariable hierarchical regression analysis showed that mean costs of the index hospitalization were 3% higher among patients who had post-PCI 30-day readmission (β, 0.033; 95% confidence interval, 0.028-0.038; P<0.001). Among covariates, older age, male sex, private insurance compared with Medicare/ Medicaid, higher Charlson Comorbidity Index, longer hospital stay, AMI at admission, and nonelective admission were associated with higher costs (all P values <0.01; Table III in the Data Supplement).
Discussion
To the best of our knowledge, this is the first study to examine the rate and costs of 30-day readmissions after index PCI using a national database of inpatients which includes 722 hospitals across the United States. Unlike prior studies that have examined readmission rates in select populations such as Medicare and statewide databases, and regional hospital systems, this study helps close the gap in the literature by examining patients across the spectrum of all age groups, insurance types, and across state lines. Our results on the association of readmissions with healthcare costs of PCI are important given that there is only 1 prior study which has examined costs of post-PCI readmissions in Veterans Affairs Hospitals. 18 Our results showed that ≈1 in 8 patients were readmitted within 30 days of discharge after index PCI. These readmissions were associated with a substantial increase of ≈45% in the mean short-term costs. The majority of the readmissions were for nonspecific chest pain or angina which did not require coronary revascularization. Furthermore, in a large sample of hospitals, our results highlight an almost 3-fold difference in readmission rates between the highest and lowest deciles.
In the Medicare population, the mean 30-day readmission rate in 2000 to 2012 was 16% with a relatively small decline in the rate over the years. 13 Similarly, data from the New York State PCI registry reported 16% all-cause 30-day readmission. 12 However, a lower rate of 30-day readmission of 11% was reported in the Veterans Affairs database. 18 Our results showed that in a large national database of inpatient PCI cases, the rate of 30-day readmission was lower than Figure 2 . Common primary diagnoses associated with 30-day readmissions after percutaneous coronary interventions. COPD indicates chronic obstructive pulmonary disease; CVA, cerebro-vascular accident; GI, gastrointestinal; and TIA, transient ischemic attack. Short-Term Readmission Rate and Costs After PCI previously reported; however, given the inherent differences in the risk profile of inpatient and outpatient PCI cases, our results should not be compared with other studies which have included both inpatient and outpatient PCI cases. In addition, there has been a decreasing trend in post-PCI readmission rates nationally over the past decade. 13 This downward trend in post-PCI readmissions may also be a possible explanation of the lower rates found in our study compared with prior. 6, 12, 13, 15 We found significant variability in readmission rates across hospitals, with some hospitals having mean readmission rates post-PCI of 6%, whereas other hospitals had a mean rate of 17%. Similar variability among hospitals has been reported previously in the Medicare data. 13, 15 The reason for variability in the hospital readmission rate is most likely multifactorial. Several factors such as casemix, specific quality control measures, adoption of radial access to minimize vascular complications, individualized follow-up, and regional or geographical considerations in discharge planning may impact the readmission rate. 3, 7, 10, 19 Future research should examine clinical, social, and policy-level factors underlying significant differences in post-PCI readmission rates among hospitals across the nation. Understanding these factors may be crucial in developing recommendations and protocols applicable to varied settings. 10, 15, 20 We found that older age, female sex, and higher comorbidities had an association with readmission risk and were associated with higher cumulative costs. In addition, multivariable analyses showed that Medicare/Medicaid-insured patients were 2 to 3× more likely Model also adjusted for interaction term between age and female. CI indicates confidence interval; MI, myocardial infarction; n/a, not applicable to the hierarchical logistic regression analysis model; ns, not significant (not included in the final regression model); and Ref, reference.
*Represents final parsimonious hierarchical logistic regression model. †Charlson Comorbidity Index is a composite score created from 17 comorbidities; higher scores have been correlated with greater morbidity and mortality. Short-Term Readmission Rate and Costs After PCI to have 30-day readmission compared with those who had private insurance, although minimal differences were found in cumulative costs between the 2 groups. These findings are consistent with HCUP report that although all-cause readmissions among patients covered by Medicare declined in 2011 to 2013, the overall rate of 30-day readmission was highest among patients covered by Medicare followed in decreasing order by those covered by Medicaid, the uninsured, and private insurance. Several unmeasured confounders such as patient-level perception of better coverage for services and hospital-level logistics may be responsible for the higher rate of short-term readmissions in Medicare patients compared with those on private insurance. However, the literature remains scarce on this topic, and further research is warranted to understand the differences in readmission rates by type of insurance. 21 Literature on the association of short-term readmission after PCI on costs is lacking. 5 To the best of our knowledge, this study is the first to examine costs associated with readmissions in a national sample. The mean 30-day cumulative costs for those who were readmitted were $17 000 higher than those who did not have a readmission. The multivariable results showed that the readmissions accounted for a 45% increase in cumulative costs. Bradley et al 18 examined postindex PCI 30-day cumulative costs among 62 Veterans Affairs Hospitals from 2008 to 2011 and reported median costs comparable to our data at ≈$24 000. These data suggest a substantial financial impact of 30-day readmissions post-PCI; however, it is important to view these results in the context of whether or not these readmissions could be attributed to the index PCI. The literature suggests that a large proportion of 30-day readmissions after index hospitalization may be unrelated to the index diagnoses/procedure and could frequently be because of social or mental health reasons. 22, 23 Identifying patients at a higher risk of readmission using the proposed prediction models may also facilitate necessary steps such as close outpatient follow-up and social work support to help mitigate the risk of unnecessary inpatient readmissions and thereby reduce the overall costs. 8, 14 Previous studies of selected populations have also reported that approximately half of the short-term readmissions post-PCI were because of noncardiac causes. 9, 12, 13, 15, 18, 24, 25 For example, in a recent study which examined a large healthcare system database for 2008 to 2012, ≈50% readmissions within 3 months after index AMI were found to be for non-AMI and noncardiovascular reasons. 25 We found that nonspecific chest pain/angina was the primary diagnosis for almost one fourth of readmissions, whereas AMI and procedural complications accounted for a relatively smaller fraction of readmissions. We found that the vast majority of readmissions did not require coronary revascularization. In our data, <4% patients who underwent revascularization during the readmission had associated diagnoses of AMI. Therefore, it could be inferred that a majority of the readmissions with nonspecific chest pain/angina did not require any intervention. Our data did not allow for identifying staged PCIs; however, ≈11% of readmitted patients had coronary revascularization done without a diagnosis of acute coronary syndrome and could potentially have been staged interventions. These data are comparable to a study by Wasfy et al 9 which examined PCI discharges from 2 hospitals in Massachusetts in 2014 and suggested that ≈7% of readmissions were for staged procedures. Nonetheless, our results reiterate that only a small fraction of 30-day readmissions were actually directly related to the index PCI. This is notable because there is growing implementation of bundled payments and the Medicare Access and CHIP Reauthorization Act of 2015 which penalize hospitals with higher riskadjusted 30-day readmission rates regardless of the cause. 1, 26, 27 The full impact of bundled payments and Medicare Access and CHIP Reauthorization Act of 2015 is yet to be seen on post-PCI readmission rates. These policies may encourage hospitals to develop better strategies to prevent expensive short-term readmissions. However, the question still remains whether hospitals should be penalized for non-PCI-associated readmissions. In addition, the literature suggests that meeting quality metrics such as short-term readmission rates may not predict better outcomes. 28 Overall, our results support the need for further research to examine the preventability of 30-day readmissions after PCI and to explore whether or not shortterm readmissions after PCI represent a good metric for hospital performance and health outcomes.
The results should be interpreted in the context of several limitations. In recent years, the proportion of outpatient PCI compared with inpatient PCI has been increasing. It is possible that compared with inpatients, the readmission rate may be lower in outpatients because they tend to be relatively lower risk patients. Our data did not include visits to emergency departments or admission to observation units after index PCI. In recent years, there has been an increasing trend of observing patients with nonspecific chest pain/angina in emergency departments or under observation status rather than inpatient admission. 21, 29 Therefore, it is possible that we are not able to capture at least some of the readmissions which would lead to an underestimation of true rates. Regardless, it has been shown that the admission to observation units is cost-effective; however, the rates of such admissions remain low. 7 We have reported the rate of mortality during the 30-day readmission and do not have information about out-of-hospital mortality in patients discharged after PCI. Therefore, our mortality estimates could be lower than the actual 30-day post-PCI mortality. We were not able to define readmissions because of staged PCI. Nonetheless, similar to previous studies, inclusion of staged PCI as readmissions is important for estimation of total costs. 12, 13 Information about race and ethnicity is not provided in the NRD. Previous studies have suggested that nonwhite race/ethnicity is associated with higher 30-day readmission rates after PCI. 10, 15 We used ICD-9 codes for defining clinical conditions and procedures which may lead to misclassification bias. Nevertheless, a large body of literature validates the use of administrative databases and the results. 7, [10] [11] [12] 21, 30 Finally, NRD includes discharge information from 21 states across the United States and represents a national population; however, our results cannot be considered completely generalizable.
Conclusions
Unlike prior studies which have used specific payor databases and local databases, this study examined post-PCI readmission rates and the association of readmissions on overall short-term costs in a sample of inpatients PCI cases. Our results show that ≈1 in 8 patients is readmitted in a national database of inpatient PCI cases. There is significant variability in the rate of readmission among hospitals. Medicare patients compared with non-Medicare patients were at a higher risk of readmission. Patients who were readmitted incurred higher costs for index PCI compared with those who did not have 30-day readmission. In addition, readmissions substantially increased the short-term cumulative costs of PCI. A majority of readmissions were for low-risk chest pain/angina which did not require further intervention. This implies that the preventability may lie in attentiveness to general medical issues including counseling and increased access to outpatient care especially in the first few weeks after post-PCI discharge. However, there are several unmeasured confounders such as socioeconomic, mental, and geographical factors which may account for differences between the readmitted and nonreadmitted patients. The relationship between causes and readmission should therefore be interpreted in context of several probable unmeasured confounders. Our results warrant further research to better understand the causal association of short-term readmissions with index PCI and to examine the preventability of the readmissions. These efforts will facilitate policies and strategies to mitigate the rate of unnecessary readmissions and thereby help reduce overall cost burden.
